Key words: Metformin, FTIR, FT Raman, ab -initio, DFT, thermodynamic functions. peripheral glucose uptake. Metformin also decreases plasma Very Low Density Lipoprotein (VLDL) and triglycerides resulting in modest decreases in plasma total cholesterol, which in turn reduces cardio vascular risk factors 4 .
In the present study, a detailed vibrational analysis has been made using FTIR and FTR spectra of metformin. The ab-initio and density function theory (DFT) methods have become powerful tools for the investigation of molecular structure and vibrational spectra 5 . Literature survey shows that molecular mechanics computational studies have been done so far on the titled compound 6 . The evolution of DFT that includes electron correlation in an alternative way is affording opportunities of performing vibrational analysis of moderately large molecules. The present work has been performed with a view point of getting vibrational frequencies on an optimized geometry of metformin using DFT based Becke3-Lee-YangParr (B3LYP) functional with standard 6-31G** basis set which has not been carried out so far. These frequencies are analyzed and compared with the experimental data. In the study of chemical kinetics and chemical equilibria, the knowledge of various thermodynamic functions is of immense importance 7 . Understanding the molecular properties as well as the nature of reaction mechanism has been the subject of many experimental and theoretical studies. The molecular parameters like IR intensity of harmonic frequency of vibration, reduced mass, force constants and various thermodynamic parameters like entropy, heat capacity and energy have been evaluated.
EXPERIMENTAL
The spectroscopically pure grade sample of metformin was procured from a reputed pharmaceutical company, Sun Pharmaceutical Industries Ltd, Mumbai, India and was used as such for the spectral measurements. The room temperature FTIR spectrum of the title compound has been recorded in the range 4000 -400 cm -1 in the solid state at SAIF, IIT Madras, Chennai, India. The BRUKER IFS 66V model FTIR spectrometer had globar as the source and the interferometer chamber had KBr beam splitter. The sampling technique used was KBr pellet method. The FTIR spectrometer had a resolution of ±1cm -1 . They had the facilities of signal averaging, signal enhancement; baseline correction and other spectral manipulation made possible with multitasking OPUS software on the dedicated PC/ INTEL-4.
The FT-Raman spectrum of metformin was recorded on a computer interfaced BRUKER IFS 66V model interferometer equipped with FRA-106 FT-Raman accessories at IITM, Chennai. The spectrum was recorded in the Stokes region 3500-250 cm -1 using Nd: YAG laser operating at 200 mw power continuously with 1064 nm excitation. The reported wave numbers are expected to be accurate within ±1 cm -1 . The FTIR and FTR spectra of metformin are presented in the Figure 1 and 2 respectively.
RESULTS AND DISCUSSION

Vibrational band assignment
The aim of the vibrational analysis is to decide which of the vibrational modes in the molecule give rise to each of the observed bands at specific wave numbers in the FTIR and FTR spectra. The functional groups present in the molecule were identified and a satisfactory vibrational band assignment has been made for the fundamental modes of vibration by observing the position, shape and intensity of the bands. Vibrational frequencies of similar compounds like guanidines and their hydro halide derivatives have been taken into consideration for the assignment of fundamental vibrations of Metformin 8, 9 .
N-H Vibrations
The N-H stretching of C=N-H group occurs in the region 3400 -3100 cm -1 . Usually the frequency of this vibration is decreased in the presence of hydrogen bond 10 . . The bands of very weak intensity at 936, 800 and 736 cm -1 are due to N-H wagging.
C=N, C-N Vibrations
Guanidines absorb strongly at 1685 -1580 cm -1 due to C=N stretching vibrations 8 . Metformin being a biguanide, has strong absorption bands at 1626 and 1583 cm -1 which are due to C=N stretching vibrations. It has been reported that C-N stretching of aliphatic amine compounds is generally weak and occurs in the region 1220 -1020 cm -1 11 . The weak intensity bands in the FTIR spectra at 1205, 1160, 1151, 1142, 1080, 1061 and 1035 cm -1 have been assigned to C-N stretching vibrations. Medium to weak intensity bands in the frequency range 600 -400 cm -1 are due to CNC deformation vibrations 8 . The peaks at 571, 541, 517, 482, 464, 446 and 420 cm -1 are assigned for CNC deformation. 
vs-very strong, s-strong, m-medium, w-weak, vw-very weak
C-H Vibrations
For aliphatic compounds, CH asymmetric stretching vibration of the methyl group occurs at 2975 -2950 cm -1 and the symmetric CH 3 stretching vibration absorbs at 2885 -2865 cm -1 . The presence of an adjacent group alters the position of CH 3 symmetric stretching vibration whereas the asymmetric band is insensitive to it 12 . In Metformin, the presence of nitrogen near methyl group reduces the symmetric CH 3 stretching range as 2835 -2815 cm -1 13 . Bands at 2964 and 2821 cm -1 are assigned to CH asymmetric and symmetric stretching vibrations of the methyl group respectively. The methyl groups give rise to two deformation bands, the asymmetric one in the region 1475 -1445 cm -1 and the symmetric at 1390 -1370 cm -1 9 . Bands of medium intensity at 1475, 1455 and 1417 cm -1 are due to CH 3 asymmetric deformation. Weakly intense bands at 1383 and 1357 cm -1 belong to CH 3 symmetric deformation. (16) The infrared and Raman spectral assignments and the experimental vibrational frequencies of metformin have been presented in Table 1 . The theoretically calculated vibrational frequencies, IR intensity, reduced mass, force constants for the molecule metformin using HF and DFT methods are presented in Table 2 . The vibrational frequencies are in accordance with the experimental data.
Molecular Geometry
The optimized molecular structure of metformin is shown in figure 3 . The global minimum energy for metformin using the DFT structure optimization calculated as -432.6759 Hartrees and in HF method as 429.9791 Hartrees. Further the optimized geometrical parameters such as bond lengths and bond angles are obtained by the large basis set calculations (the global minimum energy) for the molecule and are presented in Table 3 . These structural parameters are in good agreement with the literature values 14, 15 .
Thermodynamic function analysis
The total energy of a molecule is the sum of translational, rotational, vibrational and electronic energies.
ie, E = E t + E r + E v + E e Thus the molecular partition function is the product of the translational, rotational, vibrational and electronic partition functions of the molecule 16 . The relations between partition functions and various thermodynamic functions were used to evaluate the latter due to translation, vibration and rotation degrees of freedom of molecular motions 9 .
The statistical thermo chemical analysis of metformin is carried out considering the molecule to be at room temperature of 298.15 K and one atmospheric pressure. In the methodology of B3LYP computations, the contributions due to internal rotations are not considered. The free energy of the molecule is calculated including zero point vibrational energy. The values of zero point vibrational energy (ZPVE) of the molecule were 107.9710 kcal/mol by DFT method and 116.2475 kcal/mol by HF method respectively.
Microscopically, the thermal energy is the kinetic energy of a system's constituent particles, which may be atoms, molecules, electrons, or particles in plasmas. The titled molecule is considered as an asymmetric top having rotational symmetry number one and the total thermal energy has been arrived at as the sum of electronic, translational, rotational and vibrational energies. Table 4 summarizes the calculated thermodynamic parameters namely heat capacity, entropy, rotational constants and dipole moments of metformin. 
